CBA/J mice are resistant to Leishmania major and susceptible to Leishmania amazonensis. Early events determine infection outcome. Until now, PIV (in vitro priming) immune response to L. amazonensis has not been assessed. Herein, we have shown that compared to L. major, L. amazonensis induced higher parasite burden associated to similar IL-4, IFN-, and TNF-mRNA expressions and IFN-and IL-10 levels. Although similar amounts of IL-10 were detected, the frequency of intracellular IL-10 positive B cells was enhanced in spleen cells stimulated with anti-CD3/anti-CD28, or anti-CD3/anti-CD28 and L. amazonensis, compared to L. major-stimulation. Interestingly, IL-10-producing B cells were reduced in response to anti-CD3/anti-CD28 stimulation combined with L. major compared to the other groups. L. amazonensis may favor T regulatory cell development, since 40% of all the CD4 + CD25 + were CD25 high cells. These data suggest that in PIV, susceptibility to L. amazonensis is not related to Th cell polarization, but to the presence and activity of regulatory T and B cells.
Introduction
Murine experimental cutaneous leishmaniasis has been widely used to characterize the immune response against Leishmania. It is well documented that the ultimate response in resistance to Leishmania major infection is associated with diVerentiation of Th1 CD4+ lymphocytes, leading to parasite destruction by IFN--stimulated macrophages, in TNF--and NO-dependent mechanisms (Gomes et al., 2003) . Alternatively, susceptibility to Leishmania amazonensis was associated with Th2 response, IL-4 production and a failure in IFN--induced macrophage activation (Jones et al., 2000) . L. amazonensis induces chronically non-healing infections in several mouse strains such as C3H, C57BL/6, and C57BL/10, which are resistant to L. major. In addition, BALB/c and CBA/J mice are highly susceptible to L. amazonensis (Afonso and Scott, 1993; Lemos de Souza et al., 2000) . The immune response to L. amazonensis and other species of mexicana complex are quite diVerent from that induced by L. major. BALB/c and C57BL/10 mice do not mount a vigorous Th2 response and generate detectable levels of Th1-type cytokines (Afonso and Scott, 1993; Ji et al., 2002) .
In this laboratory, we established an interesting murine model to study the response to Leishmania infection, the CBA/J mice, which are resistant to L. major and susceptible to L. amazonensis (Lemos de Souza et al., 2000) . Since genetic background diVerences are overcome in this mouse model, it can be used as a tool to identify the parasite's role in determining infection outcome. Lymph node (LN) cells from CBA/J mice infected by L. major and re-stimulated in vitro with Leishmania promastigotes produced large amounts of IFN-and early IL-4, whereas infection by L. amazonensis led to stable IL-4 production by LN cells from infected mice (Lemos de Souza et al., 2000) . The early cellular events which could explain these diVerences are unknown.
There is evidence that early events in host-parasite interaction determine the infection outcome (Diefenbach et al., 1998; Laskay et al., 1995; Sadick et al., 1990) . PIV stimulated T cells have been used to study selective priming of Th1 and Th2 cells in response to L. major stimulation (Shankar and Titus, 1993; Soares et al., 1997) . Until now a detailed description of primary immune response of mice to L. amazonensis has not been carried out. In the present report, we used the PIV system to further investigate the early events involved in the establishment of the immune response to L. amazonensis and L. major infection in CBA/J mice.
Spleen cells cultivated in DMEM complete medium supplemented with 0.5% of normal mouse inactivated serum were in vitro stimulated with 1 £ 10 7 stationary phase L. amazonensis or L. major promastigotes. In all experiments, negative and positive controls were parallel cultures containing no parasites or 10 g/ml of concanavalin A (ConA), respectively. First, parasite burden was determined at 7 days of parasite stimulation: cultures were washed and incubated in Schneider's medium to liberate intracellular amastigotes to be transformed and multiply into promastigote form. Every day parasite number was checked and only after 7-10 days promastigotes were detected in cell cultures. As expected, at 7 days of infection parasite burden was signiWcantly higher in the L. amazonensisstimulated cultures (L. amazonensisD1.31£10 7 §1.11 £10 6 promastigotes £ L. major D 1.26 £ 10 6 § 2.33 £ 10 5 promastigotes, n D 3, Student's t test p < 0.001). This result was not due to diVerences in the ability of parasite in vitro replication, since in our laboratory L. amazonensis and L. major promastigotes proliferate similarly in axenic cultures.
RT-PCR was performed to analyze cytokine expression at 3 and 7 days of parasite stimulation. Table 1 shows the primer sequences, annealing temperature, cycle numbers for linear phase of ampliWcation and product size (bp). Densitometric analyses were performed for each group: control, L. amazonensis-or L. major-stimulated cultures. QuantiWcation was normalized to HPRT constitutive expression. Cytokine production was detected in cell supernatants by sandwich ELISA.
It was previously described that production of some cytokines, such as IL-4, often occurs at low levels and is diYcult to detect by standard ELISA technique (O'Connor et al., 1999) . In the present work, IL-4, IFN-, and TNFmRNA expression was assessed by RT-PCR in stimulated lymphocytes and these results were not statistically diVerent from control non-stimulated cells, when quantiWed at 3 and 7 days of parasite stimulation (Figs. 1A-D, ANOVA, p > 0.05, n D 3). Even though these results displayed high variability, it is noteworthy that in two out of three experiments IL-4 and IFN-mRNA expression was higher in L. amazonensis-than in L. major-stimulated cultures. It is likely that similar TNF-mRNA expression in L. majorand L. amazonensis-stimulated cultures is due to the dilution of macrophage mRNAs by mRNAs from the additional T and B cells and also to a late detection of cytokine expression (3 and 7 days of parasite stimulation). We have previously detected a higher expression of this cytokine in L. major in comparison to L. amazonensis-infected macrophages as early as 4 h of infection (Gomes et al., 2003) .
At 3 days of both parasites' stimulation, IFN-levels in cell supernatants were low and similar to those produced by control non-stimulated cells (not shown). At 7 days of parasite stimulation, IFN-was released in higher amounts in supernatants of L. amazonensis-stimulated cells ( Fig. 2A , p < 0.01, ANOVA, n D 7) when compared to control cells, although there was no diVerence when compared to the production by L. major-stimulated cultures. In accordance to our data, some reports have identiWed the presence of IFN-early after L. amazonensis or L. mexicana infection (Ji et al., 2002) . It is possible that, in L. amazonensis PIV stimulation, IFN-participates in Th2 priming, as previously described (Bocek et al., 2004) .
Previously, we demonstrated that upon IFN-stimulation, NO was produced in similar amounts by either L. major-or L. amazonensis-infected macrophages. Yet, parasite burden was only reduced in L. major infection (Gomes et al., 2003) . In the present work, we observed that NO production was low and/or similar upon L. amazonensis or L. major PIV stimulation when compared to control non-stimulated cells both at 3 (not shown) and at 7 days of parasite stimulation (Fig. 2B , p > 0.05, ANOVA, n D 3). Since IFN-was detected in stimulated cell supernatants, these data suggest that there are low numbers of NO producing cells in this in vitro system.
Our previous observation showed that both L. major and L. amazonensis were able to induce IL-10 production upon in vitro recall (Lemos de Souza et al., 2000) . IL-10 production during PIV stimulation was then assessed by ELISA. L. amazonensis induced release in cell supernatants of 3.3 times more IL-10 than control cells (Fig. 2C , p < 0.05, n D 3) and 1.5 times more IL-10 than L. major stimulation, even though this last diVerence was not statistically signiWcant. In spite of being similarly produced, IL-10 may diVerentially contribute to susceptibility and resistance in the Leishmania model. Therefore, the role of IL-10 in the early L. amazonensis-or L. major-induced priming was further evaluated by IL-10 neutralization. Interestingly, control IgG induced decrease in IFN-production in Leishmaniastimulated cultures. It is possible that as previously described the addition of control IgG to cultures stimulates -10 (Afonso and Scott, 1993; Mosser, 2003) . As expected, IL-10 neutralization induced enhancement in IFN-release in both L. amazonensis-and L. major-stimulated cultures compared to control IgG-treated cells (Fig. 3A , ANOVA, p < 0.0001). Intracellular cytokine detection by FACS analysis was performed to determine the cell phenotype responsible for IL-10 production in Leishmania-stimulated cultures. In these conditions, we observed that CD4 + , CD8 + , and CD4 + CD25 + T cells did not produce detectable levels of IL-10 after 24, 48, or 72 h (not shown) of stimulation. We also checked for the IL-10 expression in macrophages by RT-PCR and we observed that IL-10 mRNA expression was very low and similar levels were detected in macrophages from L. amazonensis-and L. major-stimulated cultures (not shown). By Xow cytometry, intracellular IL-10 was only detected in B cells after 48 h of spleen cells stimulated by anti-CD3/anti-CD28 (Fig. 3B, 4 .7% of total B cells) or by anti-CD3/anti-CD28 combined with L. amazonensis (Fig. 3B, 5 .3% of the total B cells), where an enhancement in the frequency of IL-10 positive B cells was detected. IL-10 production by B cells participating in Th2 response of L. major susceptible BALB/c mice has been previously described (Palanivel et al., 1996) . Interestingly, the frequency of IL-10 producing B cells was signiWcantly reduced in response to anti-CD3/anti-CD28 and L. major combined stimulation (1.3%) when compared to the two other cell groups. These data indicate that L. major may suppress IL-10 production by B cells (Fig. 3B) . Although we were unable to detect intracellular IL-10 production by CD4 + CD25 + cells, one may not exclude the possibility that a small amount of IL-10 is produced by CD4 + T cells in our experimental system. Experiments to detect IL-10 and/or foxp3 by real time PCR in L. amazonensis-stimulated spleen cells are under way.
To determine whether regulatory T cells contribute to diVerences in Leishmania priming, the frequency of CD4 + CD25 + T lymphocytes was assessed (Figs. 3C-E). We found that in L. amazonensis-stimulated cells, CD4 + CD25 + T lymphocytes represented 21.2% of the total CD4 + T cells (Fig. 3C ) and in L. major-stimulated splenocytes, this Fig. 3 . Analysis of IL10 blocking and regulatory T and B cells in L. amazonensis-and L. major in vitro priming. (A) CBA/J spleen cells were co-cultivated with L. amazonensis or L. major in the presence of a blocking monoclonal antibody to IL-10 (5 g/ml, added every day). Control cells were cultivated in medium alone or in presence of control IgG. Culture supernatants were collected 72 h after parasite stimulation and maintained at ¡20°C until tested by sandwich ELISA for the presence of IFN-. Bars represent mean values § SD of one experiment. Statistical analyses were performed using ANOVA (n D 3, p < 0.0001). (B) For intracytoplasmatic stainings, spleen cells were cultured in 24 well plates pre-coated with 10 g/well of soluble anti-CD3 monoclonal antibody (clone 2C11) at a cell density of 1 £ 10 7 cells/well in DMEM complete medium supplemented with 5% inactivated fetal calf serum in the presence of 2 g/well of anti-CD28 (clone PV-1). Brefeldin A was added for the last 6 h of culture at a Wnal concentration of 10 g/ml. Cells were harvested after 48 h of culture and stained with biotinylated rat anti-mouse CD38 (Southern Biotechnology Associates Inc. Birmingham, AL, USA) plus cychrome-streptavidin. After Wxation with 1% paraformaldehyde, spleen cells were continuously exposed to saponin and stained with PE conjugated anti-mouse IL-10 mAb (BD Pharmingen, San Diego, CA) for 30 min at 4°C. Thirty thousands events were recorded per sample in an appropriate gated region, using a FACScan. Results were analyzed using the CellQuest software. Bars represent the mean of four determinations § SEM (Mann-Whitney test, p < 0.05 was considered statistically signiWcant). (C-E) Flow cytometric analysis was performed to evaluate T cell surface phenotype. Spleen cells were co-cultivated with L. amazonensis or L. major for 48 h. Stainings were done using antibody-Xuorochrome conjugates (Pharmingen, San Diego, CA). FITC-conjugated anti-mouse CD4 and biotinylated rat anti-mouse CD25, followed by the addition of cychrome-streptavidin were used. control IgG (Fig. 3D ) and similar to control non-stimulated cells, 16.0% of the total CD4 + T cells (Fig. 3E) . CD4 + CD25 high+ cells with a regulatory phenotype have been recently described (Setoguchi et al., 2005) . In our data, it was observed that these T CD4
high+ regulatory cells of L. amazonensis-stimulated cells represented 40% from the total CD4 + CD25 + T lymphocytes (Fig. 3C, inset c) compared to 18% in L. major-stimulated cultures (Fig. 3D, inset  d) and 20% in control non-stimulated cells (Fig. 3E, inset e) .
This work was conceived to investigate early events in L. amazonensis and L. major stimulation by using a PIV system. In summary, our data showed that L. amazonensisinduced uneYcaceous response is associated with a higher parasite burden and an increase in the percentage of T CD4 + CD25
high+ regulatory cells. In addition, an enhancement in the frequency of IL-10-producing B cells was observed when cultures were stimulated with the monoclonal antibodies which stimulate T lymphocytes whether combined or not to L. amazonensis. On the other hand, the lower parasite burden in L. major-stimulated cells was observed to be associated with decrease in the frequency of IL-10 producing B cells.
Taken together, our results suggest that IL-10 produced by B cells contribute to generate these CD4 + CD25
high+ regulatory cells in the L. amazonensis priming, as previously described (reviewed in Curotto de Lafaille and Lafaille, 2002) . Finally, these data point to the idea that in the PIV system, susceptibility to L. amazonensis is not related to the Th cell polarization, but to the presence of regulatory T and B cells. The virtual absence of IL-4 in this model also favors this hypothesis. In vivo studies will contribute to determine the actual contribution of regulatory T and B cells in the early events and in the infection outcome in CBA/J mouse model.
